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During this report a large amount of data was obtained for the NACA 
663 -OI 8 airfoil in order to assess the advantages (if any) of tripping the 
boundary layer very near the leading edge for chord Reynolds numbers between 
40,000 and 200,000. Single element trips were made from tape 2.5mm wide and 
0.15mm thick. The unmodified tape trip in five thickness was placed across 
the span at 1 . 1 % chord and the results of lift and drag measurements compared 
with the smooth airfoil case. Saw-tooth geometry trips were also cut from 
tape and studied using five thicknesses. The saw-tooth trips v/ere placed 
across the span with the sharp points facing upstream at 1 . 1 % chord and with 
the valley of the teeth at the 2.5% chord position. A large number of bumps 
and wiggles were produced in the lift coefficient versus angle of attack 
curves with various combinations of Reynolds number, thickness, and type of 
trips. The main result in the drag coefficient was an increase in Cj nn'n 
increase in trip thickness. Ho overall improvement in airfoil performance 
could be found for any of the combinations studied. Furthermore, there 
appeared to be very little difference in measured performas.ee when using 
either the unmodified tape trip or the sav/- tooth tape trip. These results 
strongly suggest that an airfoil not correctly designed for low Reynolds 
numbers may not be improved simply by using single element trips. 


The NASA Technical Officer for this Grant is Mr. Dan M, Somers, NASA 
Langley Research Center, Hampton, Virginia 23665 
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The influence of free stream disturbances on the lift and drag 
performances of the Lissaman 7769 airfoil was also studied in this period. 

The free stream disturbance level and type affected transition which in turn 
affected the boundary layer behavior. These experiments covered the chord 
Reynolds number range from 100,000 to 300,000. The wind tunnel disturbance 
environment was measured using hot-wire anemometer and sound pressure level 
equipment. The disturbance level was increased by the addition of a 
"turbulence screen" upstream of the test section and/or the addition of a flow 
restrictor downstream of the test section as shown in Figure 1. 

The lift and drag performance of the smooth Lissaman airfoil in the 
standard wind tunnel configuration (i.e., no turbulence screen or flow 
restrictor-free stream turbulence less than 0.1% ) is shown in Figure 2. As 
the angle of attack was increased, smoke visualization indicated that at 6° 
the laminar boundary separated on the upper surface at about 25% chord while 
at 8“ the boundary layer appeared to be undergoing transiLJon and separated 
from the upper surface at about 35% chord. At an angle of attack of 10" 
transit! or appeared to be complete and the boundary layer remained attached 
until about the 70% chord location. There is a noticeable change in the lift 
curve slope associated with the extension of attached turbulent flow. A smoke 
photograph at a = 12® is shown in Figure 3a. Tlie lift coefficient continues 
to increase in this region, Figure 2a, until it reaches a maximum value of 1.3 
at 16®. Further increase in angle of attack cause the location of turbulent 
separation near the trailing edge to move upstream jand Cji to decrease slightly, 
until it reaches about 35% chord where a jump takes place to a laminar 
separation at the leading edge at about 19". At this point there is an abrupt 
decrease in Cj^ from about 1.25 to about 0.9. As the angle of attack is 
decreased from 25°, the boundary layer separates in the laminar state and the 
Cji remains about 0.9 until an angle of 11° is reached. 







With little or no free stream turbulence present the very short laminar 
boundary layer separates from the airfoil before transition takes place. A 
comparison of the airfoil flow field at a = 12® for both increasing and 
decreasing angle of attack is shown in Figure 3. The lift jumps up at a = 10® 
as a result of the fact that transition in the separated shear layer allows 
the flow to reattach. The accompanying variation in the profile drag 
coefficient is shown in Figure 2b. The abrupt decrease in Cj, is accompanied 
by an abrupt increase in Cj. Therefore in the lowest turbulence, quietest 
tunnel configuration, a significant hysteresis region in the lift and drag 
forces was found. The presence and extent of this hysteresis was determined 
by the location of separation and/or transition in the boundary layer. The 
location of transition from laminar to turbulent flow in the boundary has been 
known to be affected by the level and type of free stream disturbances for a 
long time. 

In earlier experiments using this airfoil hysteresis was not found. 

These data were taken by increasing the angle of attack from -10® to +20° 
angle of attack and then turning the tunnel off for the balance calibration. 
The airfoil was then returned to -10® angle of attack for the next experimenu. 
In the present investigation no attempt was made to determine whether or not 
hysteresis occurred at negative angles of attack. 

The result of changing the acoustical environment by adding one flow 
restrictor at the end of the test section is shown in Figure 4. The addition 
of one restrictor increases both the free scream, turbulence level and the 
sound pressure level since the fan speed must be increased for a fixed value 
of tunnel velocity. This test section environment reduced the size of the 
hysteresis region and produced a slightly higher Cj^max almost 1.4. A 
slightly lower minimum drag coefficient was also obtained. The use of two 







flow restrictors (i.e., still higher fan speed) produced similar results with 
the hysteresis being almost completely eliminated. The increase in free 
stream turbulence and acoustic excitation caused the laminar shear layer to 
transition much earlier, thus allowing the flow to reattach sooner. 

Increasing the free stream turbulence level to about 0.3% , by adding one 
7.09 meshes/cm screen at the upstream end of the test section with no flow 
restrictor, produced the lift and drag coefficients presented in Figure 5. 

This test section environment completely eliminated the hysteresis region and 
yielded values of Cjimax ^d min between those of Figures 2 and 4. With a 
larger turbulence intensity in the test section, the airfoil boundary layer 
transitions very close to the leading edge, eliminating hysteresis by enabling 
the flow to reattach at higher angles of attack. The abrupt decrease in C£ 
occurred at approximately the some angle of attack in each case. The very 
large adverse pressure gradient at this angle of attack (i.e. 19“ ) caused the 
boundary layer to separate whether it was laminar or turbulent. f{ysteresis 
occurred because the laminar separated shear layer did not reattach. An 
increase in turbulence did not prevent the abrupt loss of lift, but the 
separated flow was turbulent allowing more rapid reattachment. 

When the chord Reynolds number was increased to 200,000 the hysteresis 
region was reduced when using the standard wind tunnel configuration. At this 
condition the abrupt decrease in lift occurred at about 19“ for increasing 
angle of attack and the lift jumped up when the angle of attack was decreased 
to 16“ . At a chord Reynolds number of 300,000 the abrupt decrease in lift 
occurred at about 21“ and jumped back up at about 20“ . 

The importance of •'his hysteresis phenomena cannot be overeTiphasized. 

Low Reynolds number airfoil data obtained in noisy and/or high turbulence wind 
tunnels may not exhibit significant hysteresis. Therefore, aircraft designed 
using such wind tunnel data may not perform as expected in flight where the 




free stream disturbance level is usually very low. 

Free-stream disturbances are a major source of disparity in experimental 
data. However, there are other sources of disparity which produce results 
similar to those produced by free-stream turbulence. Figures Ca and 6b show 
the lift and drag curves produced in the standard wind tunnel environment with 
a strip of tape 2.5mm wide and 0.15mm thick placed near the leading edge (i.e. 
across the span at 1.1? chord) of the airfoil. This small boundary layer trip 
reduced the hysteresis in a similar manner to the introduction of a flow 
restrictor. The tape produces iirailar results by tripping the boundary layer 
and causing earlj transition. A model with a small amount of surface 
roughness or irregularities in the surface caused by fabrication defects could 
produce the same results. 

The problems associated with obtaining accurate wind tunnel data for 
airfoil sections at low Reynolds numbers are compounded by the extreme 
sensitivity of the boundary layers to the free stream disturbance environment. 
The effect of free stream disturbances varies with magnitude, frequency 
content, and source of the disturbance. The sensitivity and accuracy of the 
measurement and data acquisition systems as well as the experimental procedure 
used can have a substantial effect on the results obtained. 

Although free-stream disturbances produced the largest disparity between 
different tests for the Lissaman airfoil, not all of the differences can be 
attributed to free-stream disturbances. Itodel imperfections or surface 
roughness can produce results identical to those achieved with free stream 
disturbances. Reynolds number effects are critical at low speeds. An 
increase in Reynolds nuntier from 150,000 to 200,000 will eliminate a major 
portion of the hysteresis, and the hysteresis is insignificant at 300,000. It 
is important that the free-stream disturbances be well documented for each 
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test condition in order to correctly attribute differences in test results to 
these free stream disturbances. A clear distinction between the effects of 
free-stream disturbances, model irregularities, and Reynolds number must be 
made before the performance of airfoils at these Reynolds numbers can be 
clearly understood. 

This investigation indicates that it should not be surprising that 
different low Reynolds number results are obtained from different wind tunnel 
laboratories. 

During this report period the following papers produced under this grant 
were published: 

1. "An Experimental Investigation of the Low Reynolds Number 
Performance of the Lissai^ian 7769 Airfoil," P.E. Conigliaro, 

AIAA Paper No. 83-0647. 

2. "The Influence of Free-Stream Disturbances on Low Reynolds 
Number Airfoil Experiments," T.J. Mueller, L.J. Pohlen, P.E. 
Conigliaro, and B.J. Jansen, Jr., in Experiments in Fluids, 

Vol. 1, pp. 3-14, 1983. 
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a.) Section Lift Coefficient 


Figure 2. Lift and Drag Coefficients versus Angle of Attack 
of the Smooth Lissanan A.irfoil with N’o Screen or 
Flow Restrictor (Hysteresis) . 






a, DEGREES 


b.) Section Profile Drag Coefficient 


Figure 2 . Lift and Drag Coefficients Versus Angle of Attack 
of the Scooth Lissaman Airfoil with No Screen or 
Flow Restrictor (Hysteresis) . 
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a.) increasing Angie of Attack 
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b.) Decreasing Angle of Attack 


Figure 3 . Smoke Photographs of Lissr.nan Airfoil at R^. - 1 50,000 

at 12° Angle of Attack Wiah No Flow Restrictor or Screen. 
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a.) Section Lift Coefficient 

Figure d . Lift and Drag C.efficients Versus ingle of 
Attack of the Sr.ooch Lissaman Airfoil With 
No Screen and One Flow Restrictor. 
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b.) Section Profile Drag Coefficient 


figure 


4. Lift and Drag Coefficients f. 

Attack of the Smoorht Lissar^an Air. oil •■Iith 
Mo Screen and One Flow Restrictor. 
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a.) Section Lift Coefficient 

figure 5 Lift and Drag Coefficients versus Angle of Attack 

of the Smooth Lissaman Airfoil with One 7.09 Meshes/cm 
Screen and No Flow Restrictor. 
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b.) Section Profile Drag Coefficient 

Figure 5. Lift and Drag Coefficients versus Angle of Attack of 
the Smooth Lissaman Airfoil with One 7 .09' Meshes/cm 
Screen and No Flow Restrictor. 
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b.) Section Profile Drag Coefficient 


Figure 6 . Lift and Drag Coefficients versus Angle of 

Attack of the Lissanan Airfoil with Tape Trip 
at l.i:: Chord and No Screen or Flow Restrictor. 





End of Document 



